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Morphological Variation of Cones and Ovuliferous Scales in 
Pinus subgenus Haploxylon on Mt. Tateyama, Toyama Pref., Japan. 
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Variations of cone size and shape of ovuliferous scales in the subgenus Haploxylon of Pinus, P, 
pumila, P. parviflora var. pentaphylla and P. hakkodensis were analyzed in Mt. Tateyama, Toyama 
area, and the results ware used to verify the working hypothesis that P. hakkodensis consists of two 
types, “creeping type” with creeping stem and “ascendent type” with ascendent main stem. Varia¬ 
tion of cone size among populations was noticed and the mean value of cone size was variable ac¬ 
cording to the elevation. Differences of cone size and length of ovuliferous scales between two types 
of P. hakkodensis were statistically distinct. By using the allometry analysis in the morphology of 
ovuliferous scales, two allomorphosis forms, “lengthwise enlargement form” found in P. parviflora 
var. pentaphylla and the ascendent type of P. hakkodensis, and “widthwise enlargement form” found 
in P. pumila and creeping type of P. hakkodensis, were recognized. It was suggested that limited lon¬ 
gitudinal growth of ovuliferous scales caused reducing the length of seed wing, or result in the lack 
of the seed wing in P. pumila in an extreme case. The working hypothesis was consequently verified 
by the analysis of the morphological variation of cone and ovuliferous scales. 
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Fig. 1. Sampling sites in Mt. Tateyama, Toyama. 1-8, 11: P. pumila; 9, 10: creeping tyre of P. 
hakkodensis ; 12-14: ascendent type of P. hakkodensis; 15, 16: P. parviflora var. pentaphylla. 
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Table 1. Variations of cone size and number of ovuliferous scales in each population. 


Site 

No. 

Sampling 

sites 

Altitude Num f ber 

(m) of 

v ' cone 



Characters* 




LS 

m±SE 

cv** 

DS 

m±SE 

CV 

P 

m±SE 

CV 

NS 

m±SE 

CV 

1 

Murodo-A 

2480 

19 

38.7± 1.1 

11 

29.5±0.6 

8 

4.4±0.2 

17 

44.4±0.6 

6 

2 

Murodo-B 

2400 

10 

47.7±1.2 

10 

32.6±0.5 

6 

4.9±0.2 

19 

55.1±0.8 

6 

3 

Murodo-C 

2400 

14 

42.5± 1.0 

9 

31.2±0.6 

7 

4.4±0.3 

28 

44.9± 1.9 

16 

4 

Jigokudani-A 

2320 

16 

37.1 ±1.2 

12 

27.8±0.5 

7 

2.8±0 3 

37 

44.2± 1.3 

11 

5 

Jigokudani-B 

2320 

14 

41.1 ± 1.5 

13 

27.3±0.7 

9 

3.2±0.2 

24 

48.4±1.4 

11 

6 

Jigokudani-C 

2340 

14 

39.1±1.4 

13 

29.4±0.7 

8 

4.1 ±0.4 

35 

51.7±2.1 

15 

7 

Ootani-A 

2350 

25 

37.0±1.9 

19 

29.8±0.5 

7 

4.0±0.3 

27 

46.8±2.2 

18 

8 

Ootani-B 

2320 

12 

42.3± 1.5 

13 

30.2±0.3 

4 

4.3±0.4 

32 

53.4±0.8 

5 

9 

Tengu 

2310 

22 

41.2± 1.5 

17 

32.3±0.8 

12 

4.2±0.4 

47 

48.5±0.9 

9 

10 

Kagamiishi 

2250 

11 

47.1 ±1.2 

9 

31.9±0.4 

5 

2.5±0.2 

31 

48.7±2.0 

15 

11 

Mimatsu 

2080 

15 

38.5 ± 1.2 

11 

29.0±0.5 

7 

3.7±0.3 

29 

51.6± 1.5 

11 

12 

Oiwake 

1900 

21 

51.1 ± 1.5 

11 

37.1 ±1.0 

10 

2.7±0.2 

31 

37.4±0.6 

6 

13 

Nanamagari 

1740 

20 

62.8±1.7 

12 

41.4±1.2 

13 

5.4±0.4 

34 

46.1 ± 1.5 

13 

14 

Kaminokodaira-A 

1620 

10 

54.7±3.0 

17 

40.7±2.3 

18 

6.2±0.7 

34 

42.5±2.5 

17 

15 

Kaminokodaira-B 

1620 

18 

63.1±2.4 

16 

46.2± 1.5 

14 

4.4±0.4 

41 

43.8± 1.8 

16 

16 

Shimonokodaira 

1460 

9 

68.0±2.5 

11 

50.1 ±1.0 

6 

4.0±0.3 

22 

45.5 ±1.8 

11 


*: LS=length of cone (mm); DS = diameter of cone (mm); P=length of cone stalk (mm); 
NS=number of ovuliferous scales. 

**: mean ± standard error, coefficient of variation (%)■ 


43.2 mm T'£>o tz. iztz, & 

"J 7 7" y 3 7 ©ft® (Nos. 12- 
14) It 51—63 mm T', 56.4 mm o 

ft. *7 ^"3 7© 2ft® (Nos. 15, 16) It 63 — 
68 mm T', 64.7 mm T'£> o ft. E£ft© 

®«4>tt<, e£jh 

©M£ ©$0¥^lii4fiollli0i^ 
(Fig. 2) t, ''4 

*?J3V<DMHfllt2Ltlz&4i3l, *©IUj£Ss6 
£> £ 7 "j ^ 7 7" zf a 7 ©ft®^' N 4 

7 «fc *9 fc, >y 3 7 7" 3 3 7 ©ft®# 5 ' 

+ ^3"39i!)i:MUl7:. Htib©^T© 
ft® £ j&*^©M& i § L T i± £ 

(r= -0.893) d £ j&ijggta& b tlfc. 

ft 4 3 ft® li ■* 7 3" a 7 

©T//W (No. 16) ft®!? 1 !^ 50.1 mm, ftt» 
V7©Mlfc&B (No. 5) 
ft®T'ft£j 27.3 mmt'liofc (Table 1). 
ft©ft®d'£©^ifr^te4-18%7:\ 


fi©^ftfr©^'Wft£©d ££tnLT©6. ^ 
4 ’? 4 — 9% £/h$ 

L fz ft, y 3 7 7" 3" 3 7 (i 10%£( 

±©Mfr&lfc i £^Lfc. ^©ffe ^f|©*§lA 
ft®te, ft]tj§4^7 3 
7 7"3" 3 7 O^f&J (No. 9) ft® £, 4- 7 3" 3 7 
©±7/h¥-B (No. 15) ft®T'£>o#. ys^v 
7 ©ft® (Nos. 1-8, 11) (4 27 — 33 mm “XT', ¥ 
iTHgte 39.8 mmTibof;. *y 3 7 7"3" 

3 7 ©ft® (Nos. 9, 10) It 41 £ 47 mm T, ¥ 
J^J 43.2 mmt^o/;. 4 tz, i&ft'&ipti 
1“ 5 i#$4-tM'^ >y 3 7 7" 3" 3 7 ©ft® (Nos. 
12-14) fcj 51 —63 mm ~C, 56.4 mm T' 

4)0 tz. 4- 7 3" 3 7 © 2 ft® (Nos. 15, 16) it 
63 — 68 mmt', 64.7 mmT'£>-o£:. FJ< 

ft © gt£ H H y> ft-4P:ifc £ © ® {d ^ m& fg H3 & ft 
tmmit'ftu <, itft®g$£iHia{c0«^{i[S] 
telibftftjfcof;:. ^ft©itg©ft®ft^g£^ 
WM©^£©H# (Fig. 2) £J|£>£, 
ft©lt£JLt©i£< (-^n€'4i©ft®©*7^7b£ 



280 


«5 ^ 10 n 


imwmm H 68 : 


H5^ 




20 25 

Altitude (xIOOm) 


Fig. 2. Relation between the altitude and cone size. A: P. parviflora var. pentaphyllcr, O: 
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Fig. 5. Relations between the mean value of length of ovuliferous scales and the order of ovuliferous 
scales. 
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Table 2. Allomorphosis of ovuliferous scales. Coefficients of determination (r 2 ), A and B in allom- 
etry on the relations between length (LSc) and width (WSc) of ovuliferous scales. Formula: 
WSc = B*LSc~A. 


Taxa 

Number of 
cones 

r 2 

A 

B 

range 

m±SE 

m±SE 

P. pumila 

19 

0.83-0.98 

1.24+0.03 

— 0.501±0.073 

P. hakkodessis Cr-type* 

10 

0.82-0.97 

1.23±0.04 

—0.518±0.113 

P. hakkodensis As-type** 

10 

0.84-0.95 

0.97+0.05 

0.031+0.129 

P. parviflora var. pentaphylla 

10 

0.90-0.97 

0.94+0.04 

0.132±0.110 


*: Creeping type. 

* * : Ascendent type . 



Fig. 7. Two allomorphosis forms of ovuliferous scales. 
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Tabel 3. Coefficients of determination (r 2 ), A and B in formula of expanded relative growth (Ogawa et al. 1965) on 
the relations between LSc and WSc of ovuliferous scales. Formula: l/WSc=A/LScffi + B, h=l 


Taxa 

Number of 
cones 


r 2 

A 

B 

range 

m+SE 

m+SE 

m±SE 

P. pumila 

19 

0.81-0.98 

0.90+0.01 

1.23±0.06 

-0.024±0.006 

P. hakkodensis Cr-type 

10 

0.81-0.96 

0.90±0.01 

1.23±0.08 

— 0.020±0.007 

P. hakkodensis As-type 

10 

0.86-0.95 

0.91 ±0.01 

0.94±0.07 

0.009 ±0.004 

P. parviflora var. pentaphylla 

10 

0.89-0.98 

0.94+0.01 

0.90+0.04 

0.010±0.003 
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Fig. 8. Proportions of apex shapes in ovuliferous scales. 
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Table 4. F-Values for differences among populations and combinations. 





Characters 3 




LS 

DS 

LSc 

WSc 

P 

NS 

Populations 







P. pumila 

5.6*** 

y * * 

5.1* 

1.4 

^ * * 

6 . 6 *** 

P. hakkodensis Cr-type 

6.5* 

0.1 

1.0 

0.1 

7.5 

0.0 

P. hakkodensis As-type 

13 2* * * 

3.7* 

4.7* 

100 . 1 *** 

24.4*** 

94 .*** 

P. parviflora var. 
pentaphylla 

1.7 

3.0 

3.0 

11.4** 

0.4 

0.4 

Combinations 







P. pumila vs Cr-type 

7.5* 

51.6*** 

4.8* 

6.4* 

2.8 

0.1 

P. parv. b v s As-type 

30.3*** 

88 . 2 *** 

8.9 

7.9* 

0.3 

1.6 

Cr-type vs As-type 

86 . 2 *** 

84.5*** 

20 . 6 *** 

0.0 

10.3*** 

19.6*** 

P. pumila. + Cr-type vs 

P. parv. + As-type 

468.5*** 

627.2*** 

124.3*** 

i * * * 

^ j * * * 

30.0*** 

Taxa 

130.3*** 

46.3*** 

208.0*** 

11 . 8 *** 

2.9* 

8.5*** 


a : LS=length of cone; DS = diameter of cone; LSc=length of ovuliferous scale; WSc = width of ovuliferous scale; 

P=length of cone stalk; NS=nmuber of ovuliferous scales. 
b : P. parv. — P. parviflora var. pentaphylla. 

*: Significant at the 5% level. 

**: Significant at the 1 % level. 

***: Significant at the 0.1% level. 


L tz^% (Table 5), 2 o© 

^ntz. c t 

t, W ~?'y 


<, ®iP©M^|p]©J&S 


Table 5. Comparison of cone and ovuliferous scale characters among four taxa. 


Characters 

P. parviflora 
v. pentaphylla 

P. 

As-type* 

hakkodensis 

Cr-type** 

P. pumila 


15,16*** 

12, 13, 14 

9, 10 

1,2, 3, 4, 5, 6 , 7, 8,11 

Habit 

erect 

ascendent 

creeping 

creeping 

Cone 





length (mm) 

63-68 

51-63 

41-47 

37-48 

diameter (mm) 

Ovuliferous scale in center 
of cone 

46-50 

37-41 

32-33 

27-33 

length (mm) 

19-32 

16-24 

11-19 

9-16 

width (mm) 

17-24 

11-23 

16-20 

13-18 

Allomorphosis form of 
ovuliferous scale 

lengthwise 

enlargement 

lengthwise 

enlargement 

widthwise 

enlargement 

widthwise 

enlargement 

Apex shape of 
ovuliferous scale 

obutuse 

obutuse 

obutuse/apiculate 

apiculate 


*: Ascendent type. 
* * : Creeping type. 

* * * : Site number. 
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